Induction of CCK mRNA levels in the limbic-hypothalamic circuit: time course and site-specific effects of estrogen.
Estrogenic regulation of cholecystokinin (CCK) and its receptors is correlated with the initiation and termination of lordosis behavior. To understand the effect of circulating estrogen concentration on the temporal aspects of CCK mRNA expression in the posterodorsal medial amygdaloid nucleus (MeApd) and the central part of the medial preoptic nucleus (MPNc) of the limbic-hypothalamic circuit, ovariectomized female rats were treated with a 10 mm Silastic capsule filled with estradiol, a bolus injection of 50 micrograms estradiol benzoate or 2 micrograms estradiol benzoate every 4 days for five "cycles." In situ hybridization was used to compare the relative changes of CCK mRNA levels at 0 h to levels measured at 6, 12, 24, 48, 72, or 96 h after estrogen administration. In the MPNc and the MeApd, the 10-mm capsule significantly increased and maintained CCK mRNA levels from 6 to 96 h. The range of the increase was 3.0-5.1-fold in the MPNc and 2.8-5.0 in the MeApd. The 50-micrograms injections significantly increased and maintained CCK mRNA levels in the MPNc from 12 to 96 h (range of the increase 2.4-4.1-fold) and in the MeApd from 24 to 96 h (range of the increase 2.2-2.8-fold). The repeated administration of 2 micrograms estrogen induced a significant increase of message levels in the MPNc at 12 and 24 h that were 4.2- and 4.7-fold, respectively. In the MeApd this estrogen treatment did not significantly increase CCK mRNA. These studies demonstrate that small doses (2 micrograms) of estrogen that mimic the pattern and circulating levels of estrogen dramatically stimulate CCK mRNA levels in the limbic-hypothalamic circuit. To further study this steroid stimulation, ovariectomized female rats were implanted with estradiol-filled cannulae into the bed nucleus of the stria terminalis or MeA. Estrogen elevated CCK mRNA levels locally in each nucleus. Implants in the bed nucleus also elevated CCK mRNA levels in the MeApd indicating that physiologic estrogen stimulation of CCK in the MeApd is the result of both local and distal transsynaptic elevation of CCK mRNA levels. The sitespecific induction of CCK mRNA levels within the limbic-hypothalamic nuclei provides another important facet of estrogenic modulation of CCK induction.